Abstract: Several reactions of a-thioxo ketones and a-thioxo thioamides with diazo compounds were investigated. Most of them proceeded via a reactive thiocarbonyl ylide, which underwent a [2+3] cycloaddition with the a-thioxo ketone to give the 'Schönberg products' 17-19 or a 1,5-dipolar electrocyclization to give the corresponding five membered 1,3-oxathioles (i.e., 13, 20a, 20b, 21, and 25) and 1,3-dithioles (i.e., 33, 34, and 35), respectively. In the case of thioamide 32, the thiocarbonyl ylides underwent a competitive 1,3-dipolar electrocyclization to yield the corresponding thiiranes. In these cases, spontaneous desulfurization led to the corresponding alkenes 36 and 37. The nature of the employed thiocarbonyl or diazo compounds seem to be decisive for the reaction pathway. When the diazo compound bears at least one H-atom in the b-position to the diazo group (i.e., diazocyclohexane 15f), no products of an electrocyclization could be isolated in the reactions with a-thioxo ketones or a-thioxo thioamides. The only products which were isolated in these cases were 2-[(cyclohex-1-enyl)sulfanyl]-1,2-diphenylethanone (22) and 2-[(cyclohex-1-enyl)sulfanyl]-N,N-dimethyl-2-phenylthioacetamide (38), which were formed by a [1,4]-H shift of the corresponding thiocarbonyl ylides.
respectively. In the case of thioamide 32, the thiocarbonyl ylides underwent a competitive 1,3-dipolar electrocyclization to yield the corresponding thiiranes. In these cases, spontaneous desulphurization led to the corresponding alkenes 36 and
37.
The nature of the employed thiocarbonyl or diazo compounds seem to be decisive for the reaction pathway. When the diazo compound bears at least one H-atom in the β-position to the diazo group (i.e. diazocyclohexane 15f), no products of an electrocyclization could be isolated in the reactions with α-thioxoketones or α-thioxothioamides. The only products which were isolated in these cases were 2- to form the products (for reviews see [5] [6]). These intermediates could be intercepted by dipolarophiles to give the [2+3] adducts 7 in a 1,3-dipolar cycloaddition. This reaction led not only to the understanding of the reaction mechanism, but also opened new access to S-heterocycles.
Scheme 1
Another goal was the incorporation of the dipolarophile into the thiocarbonyl ylide, in order to promote a ring closure via 1,5-dipolar electrocyclization. These studies have shown that 1,3-oxathioles 8 can easily be prepared by generation of a thiocarbonyl ylid 9 via a Rh 2 (OAc) 4 or LiClO 4 catalyzed reaction of α-diazocarbonyl compounds 10 with thiocarbonyl compounds 1, followed by a 1,5-dipolar electrocyclization [7] [8] [9] . In a few cases, it was shown that 8 can also be prepared by the reaction of α-thioxocarbonyl compounds 11 with diazo compounds 2b by using Rh 2 (OAc) 4 as a catalyst [10] [11]. This is not surprising, because the 2,5-dihydro-
1,3,4-thiadiazole 12 is a common intermediate in both reactions (Scheme 2).
Scheme 2 4 The main target of the present study was to investigate further the scope and limitations of the 1,5-dipolar electrocyclization of thiocarbonyl ylids with a conjugated π-system and, in particular, the influence of this conjugated π-system in the thiocarbonyl compounds on the course of the reaction with diazo compounds. The structures of 17-19 have been established by X-ray crystallography (Fig. 1) . The five-membered ring of 17 has a half-chair conformation twisted on S(2)-C(3). The two benzoyl groups at C(2) and C(4) are trans oriented, and the configuration of the Ph groups at C(2), C(4) and C(5) is trans, cis. In 18, the ethyl group of the ester side chain is disordered over two orientations that differ slightly by a twist about this OEt bond. Two equally occupied positions were refined for the terminal methyl groups of this moiety. The five-membered ring has an envelope conformation with C(2) as the envelope flap. The two benzoyl groups at C(4) and C(5) are cis to the ester group and to each other. The five-membered ring of 19 has a half-chair conformation twisted on C(1)-S(5). The benzoyl substituents lie trans to each other.
Results and Discussion.

Reactions with α-Thioxocarbonyl
It is remarkable that the regioselectivity of the formation of the dithiolane ring of 17 is different to that of 18 and 19. Furthermore, the relative configuration of the benzoyl groups at C(4) and C(5) is cis in 18, but trans in 19.
Fig. 1.
Since the results of the reactions under various conditions did not change, we tried to isolate a product from the yellow oil by varying the purification methods. Column chromatography on silica gel (acidic) or Alox (basic) did not lead to satisfying results; therefore, 1% Et 3 N was added to the eluent of the chromatography on silica gel. This procedure showed considerable advantage over all methods previously used and the best results were obtained with 3% Et 3 N. By using the same reaction conditions as described above and the new conditions for the chromatographic workup, the reactions of 14 with phenyldiazomethan (15b), diazomethane (15d), and (4-methoxyphenyl)diazomethan (15e) gave the expected 1,3-oxathiols 20a, 21, and 6 20b in yields of 42, 40, and 60%, respectively (Scheme 4). In addition to the main product, namely the 1,3-oxathiols, the corresponding alkenes, which result from a 1,3-dipolar electrocyclization of the thiocarbonyl ylide, followed by a desulphurization, were observed as by-products, and not the Schönberg products.
These by-products were themselves reactive and led to further by-products, which
were not isolated or characterized.
Scheme 4
The structure of 20b was established by X-ray crystallography (Fig. 2) . The fivemembered ring has an envelope conformation with C(5) as the envelope flap. The palnes of the Ph groups at C(2) and C(3) are twisted out of the plane defined by C(6), C(2), C(3), and C(12) by 57.6(2) and 33.1(2)°, respectively. The reaction of diazocyclohexane (15f) with 14 in CH 2 Cl 2 at room temperature gave the sulphide 22 in 40% yield (Scheme 4). The structure of 22 was again established by X-ray crystallography (Fig. 3) . The cyclohexane ring has two equally occupied disordered orientations which differ by a rotation of approximately 180° about the S- was successful.
Scheme 6
The structure of 25 has been determined by X-ray crystallography (Fig. 4) . The fivemembered heterocycle has an envelope conformation with C(3) as the envelope flap, while the cyclohexene ring has a half-chair conformation twisted on C(7)-C(8). carried out under the same conditions as those used in the case of 14, but only decomposition was observed (TLC), and no reasonable product of a related reaction could be isolated.
Scheme 7
The structures of the 1,3-dithiole 33 and α-sulfanylthioamide 38 have been established by X-ray crystallography (Fig. 5) . Varian SSQ 700; ionization by EI (70 eV) or CI (NH 3 ); in m/z, rel. intensities (%).
2. Starting Materials. All thiocarbonyl derivatives or precursors and the diazo compounds were prepared following known protocols: diphenyldiazomethane (15a) [11] , phenyldiazomethane (15b) [15] , diazomethane (15d) [16] , diazocyclohexane
. All other reagents are commercially available.
3.
Yields. Almost all of the diazo compounds are only stable in solution and were often used in excess. As most of the thiocarbonyl compounds were also only stable in solution, or they were synthesized in situ, the corresponding yields were approximated. The reported yields in these cases are based on experience [11] or on the volume of N 2 evolved. When this was not possible, i.e. in cases of reactions lasting two or more days, yields were calculated over two or three reaction steps.
General Procedure A (GP A):
To a soln. of thiocarbonyl compound (2-7 mmol) in CH 2 Cl 2 (30-100 ml), the diazo compound (1-7 mmol) in toluene or benzene (30-130 ml) was added by means of a dropping funnel. After total conversion of the thiocarbonyl compound, monitored either by TLC, color change or evolution of N 2 4 ), the solvent was evaporated and the mixture was analyzed and purified by chromatography using silica gel, which had been treated with 3% Et 3 N. Furthermore, the solvent was doped with 1% of Et 3 N.
General Procedure B (GP B):
The same procedure as in GP A was followed, but the mixture was purified by chromatography without using Et 3 N.
General Procedure C (GP C):
To a suspension of isoindole-1,3-dione 26 (2-5 mmol) in CH 2 Cl 2 (15-40 ml) at -10°, 15a was added as a purple soln. in benzene (10-25 ml, 3-7 mmol). A catalytic amount of DBU was added and the evolution of N 2 was measured volumetrically. After stirring for a few min, the solvent was removed and the mixture was analysed and purified by chromatography. Crystals suitable for an X-ray crystal-structure determination were grown from hexane/AcOEt by slow evaporation of the solvent. Crystals suitable for an X-ray crystal-structure determination were grown from hexane/AcOEt by slow evaporation of the solvent.
2-(4-Methoxyphenyl)-4,5-diphenyl-1,3-oxathiole (20b
2-[(Cyclohexen-1-yl)sulfanyl]-1,2-diphenylethanone (22
6. Reaction of 2-Thioxocyclohexanone (37) with Diphenyldiazomethane (15a). Crystals suitable for an X-ray crystal-structure determination were grown from hexane by slow evaporation of the solvent. Crystals suitable for an X-ray crystal-structure determination were grown from hexane/CH 2 Cl 2 by slow evaporation of the solvent. yielded a value of 0.00 (5), which confidently confirms that the refined coordinates represent the true absolute structure. The absolute structure parameter for 20b refined to 0.35 (15) , which is insufficiently precise to be able to deduce any information about the absolute configuration of the molecule. The presence of an inversion twin cannot be excluded. According to the preparation of the material, it has to be racemic. Neutral atom scattering factors for non-H-atoms were taken from [25a] , and the scattering factors for H-atoms were taken from [26] . Anomalous dispersion effects were included in F c [27] ; the values for f ' and f '' were those of [25b] . The values of the mass attenuation coefficients are those of [25c]. All calculations were performed using the teXsan [28] (17, 18, 19, 22, and 25) or the SHELXL97 [29] program (20b, 33 and 38). 
2,2-Diphenyl-4,5,6,7-tetrahydrobenzo-1,3-oxathiole (25
